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Abstract 
 
This study presents an analysis of the optimization by using HOMER software and financial viability of 10 kW wind 
turbine generator (WTG) through grid connected system for six different locations in Malaysia (Mersing, Kuching, 
K.Trengganu, Kudat, Melaka and Labuan). Assessment criteria comprised Total Net Present Cost (TNPC), and Cost 
of Energy ( COE ). The HOMER ( National Renewable Energy laboratory, US) was utilized as the assessment tool 
with modeling performed with hourly load data input from six cities in Malaysia. The results demonstrate that WTG  
has the potential to supply significant power for small scale load in conjunction with the grid-electricity supply. Opti-
mization modeling demonstrated that the TNPC for grid connected configuration is Mersing for the lowest TNPC 
among the other cities which is TNPC recorded at $ -28,436 and initial cost is about $ 20,000. This mean wind grid 
system in Mersing is very benefit be built and reduction in greenhouse gas emission of 9,452 kg/yr. Optimization mod-
eling also showed that Mersing is the only one among other city had showed a high potential of WTG which produced 
energy at 85,326 kWh/yr and purchase grid only at 4,082 kWh/year. 
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Abstrak 
 
Penelitian ini menyajikan analisis optimasi dengan menggunakan software HOMER dan kesesuaian biaya untuk gen-
erator turbin angin (wind turbine generator=WTG) 10 kW sistem grid untuk enam lokasi yang berbeda di Malaysia 
(Mersing, Kuching, K.Trengganu, Kudat, Melaka dan Labuan). Kriteria penilaian terdiri Total Net Present Cost 
(TNPC) dan Cost of Energy (COE). software HOMER (National Renewable Energy laboratory, US) digunakan seba-
gai pemodelan dengan memasukan data beban daya per jam dari enam kota tersebut. Hasil penelitian menunjukkan 
bahwa generator turbin angin (WTG) memiliki potensi untuk memasok daya yang signifikan untuk beban kecil dalam 
hubungannya dengan pasokan grid listrik. Optimasi Pemodelan menunjukkan bahwa Mersing memiliki TNPC teren-
dah dibangdingkan kota lain ($ -28,436) dan initial cost sebesar $ 20,000. Hal ini bermakna bahwa Mersing memiliki 
potensi untuk dibangun generator turbin angin (WTG) dan pengurangan emisi gas rumah kaca 9.452 kg/tahun. Model 
optimasi juga menunjukkan bahwa Mersing adalah kota yang memiliki potensi besar untuk membuat sistem generator 
turbin angin (WTG) yang menghasilkan energi 85.326 kWjam/tahun dan pembelian daya pada jaringan grid hanya 
4.082 kWjam/tahun. 
 
Kata kunci: generator turbin angin, sistem mandiri, sistem grid, optimasi, HOMER. 
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I. INTRODUCTION 
Wind energy is among the world’s fastest-growing 
sources of energy. During the last decade, wind energy 
growth rates worldwide averaged about 30 percent annu-
ally. Wind power is an abundant, widely distributed en-
ergy resource that has zero fuel cost, zero emissions and 
zero water use. Wind’s challenges are largely related to its 
variable nature – wind speed and direction can change by 
the season, day, hour and minute. For electricity grid op-
erators the variability of wind – sometimes too much wind 
is blowing and at others too little – makes it difficult to 
integrate wind into a grid that was not designed for fluc-
tuations. Moreover, surplus wind power cannot be stored, 
given current technology. 
Transmission is another significant hurdle, since the 
best sites for wind energy development often are far away 
from urban centers and the wire networks that provide 
them with power. Some landowners object to transmission 
lines traversing their ranches and farms, claiming they 
will lower their property values. Other critics say that 
wind energy, like other forms of alternative energy, is not 
really economically viable without substantial government 
subsidies and incentives. 
Still, wind power can provide economic value to 
some property owners. Property owners leasing land for 
wind turbine development receive a steady income 
(although landowners with transmission towers and lines 
passing through their land receive only a one-time pay-
ment). And wind projects, like other energy projects, cre-
ate construction and operation jobs and expand the local 
property tax base. 
The objectives of this study is to determine the best 
configuration and location of wind turbine generation 
system referring to the optimal sizing, wind energy that 
can offer the lowest amount of Total Net Present Cost 
( TNPC ). For this study six different locations in Malay-
sia was proposed which are Mersing, Kuching, 
K.Trengganu, Kudat, Melaka and Labuan. The proposed 
systems include grid connected configurations. The Hy-
brid Optimization Model for Electric Renewable 
( HOMER ) software has been used to perform random 
selection of sizing and operational strategy of generating 
system in order to obtain the finest solution of wind tur-
bine system with lowest TNPC. Thus, the information 
required for this analysis was collected based on the load 
profile and  average monthly wind speed for the past ten 
years. 
 
II. METHODOLOGY 
The proposed system for Wind Turbine Generation 
(WTG) is compared of 10 kW wind turbine. This system 
was design specifically for a grid connected at remote area 
with constant load at 27 kWh/d and reaching a peak 
power at 2.6 kW peak. The HOMER software is used to 
determine the optimal sizing and operational strategy for 
WTG system based on three principal tasks which are 
simulation, optimization and sensitivity analysis. The fol-
lowing subsection discusses on the three principal tasks of 
the HOMER software. 
 
HOMER : Simulation 
HOMER simulates the operation of the system based 
on the components chosen by the designer. In this process, 
HOMER will perform the energy balance calculation 
based on the system configuration consisting several num-
bers and sizes of components. In this case study, wind 
turbine, battery and converter are the components chosen 
for the analysis. It then determines the best feasible sys-
tem configuration which can adequately serve the electric 
demand. HOMER simulates the system based on the esti-
mation of installing cost, replacement cost, operation and 
maintenance cost and interest. 
 
Data 
The six Malaysia cities that have been chosen for 
this study are located at different areas : Mersing, 
Kuching, K.Trengganu, Kudat, Melaka and Labuan. All 
the data required to analysis the WTG are described in 
this section. 
 
A. Electrical load information 
By referring to the load profile given in Fig. 1, that 
27 kWh/day is the average estimation of daily energy con-
sumption ( kwh/day ) were taken for 12 months. It is ob-
served that the average annual peak load of 2.6 kW is oc-
curred. 
B. Wind  resources 
The information of average wind speed resources for 
six cities is shown in table 1. The wind speeds over a year 
is presented in a Weibull distribution form shown in Fig.2. 
The autocorrelation factor of r1 = 0.85 is measured based 
on the hour-to-hour randomness of the wind speed. The 
diurnal pattern strength of δ = 0.25 represents as the 
strength of a wind speed and the windiest time is Ø = 15. 
 
Table 1. Wind speed information ( m/s ) for six cities in 
               Malaysia 
Month Mersing Kuching K.Treng
ganu 
Kudat Me-
laka 
La-
buan 
Jan 5.4 3.8 3.5 4.0 3.1 3.0 
Feb 4.5 3.8 3.0 4.2 3.0 2.7 
March 3.6 2.5 2.9 4.0 2.3 2.2 
April 2.6 1.2 2.4 2.2 1.7 1.6 
May 2.6 1.2 2.4 1.5 1.5 1.4 
June 2.6 1.0 2.2 2.5 1.5 1.6 
July 2.8 1.5 2.3 2.8 1.6 1.6 
Au-
gust 
2.9 1.2 2.3 3.5 1.6 1.8 
Sept 2.7 1.6 2.4 2.7 1.7 1.7 
Oct 2.5 1.5 2.3 2.7 1.7 1.8 
Nov 2.7 1.4 2.6 2.1 1.9 1.9 
Dec 4.6 2.5 3.7 2.8 1.8 2.3 
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Fig. 2  Weibull probability distribution function of wind  
            speed 
 
III. RESULTS AND DISCUSSION    
The proposed WTG energy system for six cities in 
Malaysia is shown in Fig. 3. It consists of primary load 
which is 27 kWh/day, peak load of 2.6 kW, wind turbine. 
The HOME software will identify the best possible con-
figuration for the WTG energy system. For an example, 
the optimal sizing and operational strategy for a WTG 
energy system may sometime consider all of the equip-
ments or without considering one part of the equipments. 
Thus, combination of the equipments is depending on the 
optimization procedure and sensitivity variables. WTG 
grid connected system is shown in Fig. 3, for this system 
the price for sellback is 0.4 / kWh and grid price is at 0.2 / 
kWh. 
For grid connected configuration, number of battery 
and inverter are not required in this configuration, as the 
grid network acts as the backup reserve. 
 
 A. Optimization of WTG grid connected system 
The HOMER simulation shows that TNPC and ini-
tial cost of system for all cities in Malaysia are decrease 
drastically. This is happen due to eliminations of number 
of batteries and also converter. Table 5, show that Mers-
ing is the lowest of TNPC among the other cities which is 
TNPC recorded at $ -28,436 and initial cost is about $ 
20,000. This mean wind grid system in Mersing is very 
benefit be built. Grid connected system shows a decreas-
ing on initial cost almost 2  times as compared to stand-
alone for Mersing and for other city like Kuching the 
initial cost reduces to 4 times when compared to stand-
alone system. 
 For energy production, Table 6, shows that Mersing 
was recorded the highest among the cities which pro-
duced electrical energy from WTG system at 85,326 
kWh/yr and the lowest energy purchased from grid which 
is 4,082 kWh/yr. The total energy production produced 
by city of Mersing which is 89,408 kWh/yr followed by 
Kudat, K.Trengganu, Labuan, Melaka and Kuching. 
The electricity purchase price for this study was 
taken at $ 0.2 / kWh and sellback rate is at $ 0.4 / kWh. 
For all cities the grid size is 3 kW the number of wind 
turbine for all cities  is one. The excess energy will return 
back to grid at rate $ 0.4/ kWh as shown in Table 7, where 
Mersing is the largest sold of energy at 12,709 kWh/ yr 
equal to 5,084 ($/yr) of energy sold. while Kuching was 
recorded the lowest sold of energy at 1,346 kWh/yr. 
 
Fig 4. Grid purcase and sold  
Fig. 3. WTG grid connected system 
Fig 5. Cost of purchase and sold from grid 
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Table 5. Summarized total net present cost of optimal wind turbine grid connected system configuration 
kWh/yr Mersing Kudat K.Trengganu Labuan Melaka Kuching 
Wind 85,326 27,963 20,087 5,890 5,766 7,588 
Grid purchase 4,082 5,187 5,795 8,100 8,273 7,955 
TOTAL 89,408 33,150 25,882 13,990 14,039 15,543 
  Table 6. Wind turbine grid connected energy production 
kWh/yr Mersing Kudat K.Trengganu Labuan Melaka Kuching 
Wind 85,326 27,963 20,087 5,890 5,766 7,588 
Grid purchase 4,082 5,187 5,795 8,100 8,273 7,955 
TOTAL 89,408 33,150 25,882 13,990 14,039 15,543 
Table 7. grid purchased and sold 
kWh/yr Mersing Kudat K.Trengganu Labuan Melaka Kuching 
Energy purchase 4,082 5,187 5,795 8,100 8,273 7,955 
Energy sold 12,709 8,312 6,777 2,386 2,239 1,346 
Net purchases -8,627 -3,125 -982 5,713 6,035 6,610 
Table 8. Cost of purchase ad sold grid 
City Mersing Kudat K.Trengganu Labuan Melaka Kuching 
Energy purchase (kWh) 1,633 2,074 2,318 3,240 3,309 3,182 
Energy sold (kWh) 5,084 3,325 2,711 954 896 538 
 IV. CONCLUSION 
This paper has discussed on the optimization sizing 
of Wind Turbine Generation System and also the potential 
as well performance of the system which refer to the mini-
mum cost of Total Net Present Cost ( TNPC ). The result 
grid connected system shows that Mersing was recorded 
the lowest TNPC among the other cities which is $ 381 
and initial capital of $ -28,436 with COE $-0.223 /kWh. If 
Mersing build a wind grid system, it will be get many 
benefit. The following conclusions can be drawn from the 
results obtained from the analysis. There is a high poten-
tial of WTG in Mersing that can be used for supporting 
the renewable energy especially in terms of wind turbine. 
Furthermore, the grid will reduce 9,452 kg/yr of gas emis-
sion ( CO2 ).  
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